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Description
TECHNICAL FIELD
[0001] The following disclosure relates to a separator and an electrochemical device using the same.
BACKGROUND

[0002] In recent years, secondary batteries are becoming higher in capacity and larger, and under these conditions,
a possibility of ignition and explosion occurring in the abnormal behavior of the battery is several times to ten times
greater than before. Therefore, it becomes a very important factor to secure battery safety.

[0003] In order to secure the safety, inorganic particles and a polymer-based organic binder are included in the entire
area of a porous substrate prepared from a polyolefin and the like, thereby developing a composite separator having a
porous inorganic particle layer in the form in which the inorganic particles are connected to each other by the organic
binder and also adhere to the porous substrate by the organic binder.

[0004] When the organic binder is used, the organic binder is used at a relatively large amount above a certain content
in order to have sufficient adhesive strength. Accordingly, a chemical reaction between an electrolyte solution of a battery
and organic binder components occurs to cause deformation of binder components or gas production by the reaction,
or the gas leaks by heat to reduce a battery life, or other problems may arise.

[0005] In addition, an excessive amount of an organic binder is dissolved in an electrolyte and is eluted to cause
various problems; for example, performance of an electrolyte is deteriorated, the organic binder is swollen by the elec-
trolyte solution to close a porous layer, or the volume of a battery is increased.

[0006] Therefore, the development of a new type of separator for solving the problems is needed.

[0007] In view of the above, itis an object of the present invention to provide an improved separator and an improved
electrochemical device, in particular an electrochemical device comprising an improved separator, and an improved
method of manufacturing a separator, in particular a method of manufacturing an improved separator. The object is
achieved by the separator according to claim 1, the electrochemical device according to claim 13, and the method
according to claim 15. Preferred or particular embodiments of the invention are defined in the dependent claims and
described in the description below. The features defined in the dependent claims and described for various embodiments
of the invention may be combined with each other wherever this is technically possible.

SUMMARY

[0008] According to an aspect of the present invention, a separator is provided which includes inorganic particles
having specific fluorescence properties in an inorganic particle layer, thereby having improved heat resistance to prevent
ignition or rupture by an abnormal phenomenon such as a rapid temperature rise.

[0009] According to another aspect of the present invention, a separator is provided which has improved adhesive
strength between a porous substrate and an inorganic particle layer and between inorganic particles of the inorganic
particle layer, by including inorganic particles having specific fluorescence properties in the inorganic particle layer of
the separator.

[0010] Accordingto another aspect of the present invention, an electrochemical device is provided which is chemically
stable and has excellent electrical properties, by including the separator.

[0011] According to still another aspect of the present invention, an electrochemical device is provided in which a
chemical reaction with an electrolyte solution of a battery is decreased, in which the dissolution of an organic binder in
the electrolyte is excluded or decreased, and in which there is no problem such as closure of a porous layer or an
increased volume of a battery, by using inorganic particles and not using an organic binder or using a significantly small
content of an organic binder.

[0012] In one general aspect, the separator according to the present invention includes: a porous substrate, and an
inorganic particle layer formed on one or both surfaces of the porous substrate, wherein the inorganic particle layer
includes first inorganic particles and second inorganic particles, and the first inorganic particles have a fluorescence
retention rate represented by the following Equation 1 of 85% or more:

[Equation 1]

Fluorescence retention rate (%) = Lioo/Iox 100
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wherein |y is a maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by diluting an upper 10 vol% of aliquot of an aqueous slurry including 5 wt% of the first inorganic particles
by a dilution factor of 500 is irradiated with an incident light having a wavelength in a range of 300 nm to 350 nm, and
l100 I8 @ maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by allowing the slurry to stand for 100 hours and then diluting an upper 10 vol% of aliquot of the slurry by
a dilution factor of 500 is irradiated with an incident light having a wavelength in a range of 300 nm to 350 nm.

[0013] The second inorganic particles may be distinct from the first inorganic particle by a suitably chosen property,
preferably by anyone of the following properties:

(i) whereas the first inorganic particles are selected to have a maximum fluorescence in the wavelength region of
600 nm to 750 nm when irradiated to an incident light in the wavelength region of 300 nm to 350 nm, the second
inorganic particles do not show such fluorescence properties, e.g. not showing fluorescence in the wavelength
region of 600 nm to 750 nm_;

(ii) the second inorganic particles do not have the above defined fluorescence retention rate of 85% or more, they
may have a fluorescence retention rate of less than 85%, optionally have a fluorescence retention rate of zero.

[0014] In an exemplary embodiment, the first inorganic particles may have a fluorescence in the wavelength region
of 600 nm to 750 nm to the incident light in the wavelength region of 300 nm to 350 nm in a solution phase.

[0015] In an exemplary embodiment, the first inorganic particles may be one or two or more selected from sheet-
shaped inorganic particles and rod-shaped inorganic particles.

[0016] In an exemplary embodiment, the sheet-shaped first inorganic particles may have a long diameter and a short
diameter in a range of 0.1 nm to 200 nm, respectively, and a thickness in a range of 0.1 nm to 50 nm. For a given sheet-
shaped first inorganic particle, the terms "long" and "short" are relative terms, so that size of the longer diameter is larger
than the shorter diameter in the indicated size range. The size indications may be averaged sizes. The size of the sheet-
shaped first inorganic particle may be measured by transmission electron microscopy (TEM), for instance by statistical
observation of a suitable number of randomly selected particles, such as e.g. 20 particles.

[0017] In an exemplary embodiment, the rod-shaped first inorganic particles may have a length in a range of 0.1 nm
to 450 nm and a diameter in a range of 0.1 nm to 100 nm. For a given rod-shaped inorganic particle, the size of the
length is larger than the diameter in the indicated size range. The size indications may be averaged sizes. The size of
the rod-shaped first inorganic particle may be measured by transmission electron microscopy (TEM), for instance by
statistical observation of a suitable number of randomly selected particles, such as e.g. 20 particles.

[0018] In an exemplary embodiment, the first inorganic particles may include any one or a combination of two or more
selected from metal, carbon, metal oxides, metal nitride, metal carbides, metal carbonates, metal hydrides, and metal
carbonitrides.

[0019] In an exemplary embodiment, the first inorganic particles may include one or a combination of two or more
selected from boehmite, pseudo-boehmite, Ga;O3, SiC, SiC,, quartz, NiSi, Ag, Au, Cu, Ag-Ni, ZnS, Al,0O3, TiO,, CeO,,
MgO, NiO, Y,03, Ca0, SrTiO3, SnO,, ZnO, and ZrO,, preferably is pseudo-boehmite.

[0020] In an exemplary embodiment, the second inorganic particles may include any one or a combination of two or
more selected from metal oxides, metal nitride, metal carbides, metal carbonates, metal hydrides, and metal carbonitrides.
[0021] In an exemplary embodiment, the second inorganic particles may include one or a combination of two or more
selected from boehmite, pseudo-boehmite, Al,O5, TiO,, CeOz, MgO, NiO, Y305, CaO, SrTiO5, SnOz, ZnO, and ZrO,,
preferably is boehmite.

[0022] In an exemplary embodiment, the second inorganic particles may have a D50 value in a range of 0.001 pm to
20 pm.

[0023] In an exemplary embodiment, the first inorganic particles may be included at 0.1 parts by weight to 30 parts
by weight with respect to 100 parts by weight of the second inorganic particles.

[0024] In an exemplary embodiment, the separator may have a heat shrinkage rate (%) at 170°C of 10% or less. The
heat shrinkage rate (%) may be measured as described below.

[0025] In an exemplary embodiment, the separator may have a weight change rate (%) of the inorganic particle layer
of 10% or less by a strawboard adhesion test.

[0026] The strawboard adhesion test is performed by placing a black strawboard having a size of 2 cmX10 cm on a
separator having a size of 5 cmXx10 cm, pulling the strawboard horizontally at a speed of 0.1 m/s in a state of pressing
the strawboard with a force of 10 N, and evaluating the amount of particles sticking to the strawboard at that time.
[0027] In an exemplary embodiment, a peel strength between the porous substrate and the inorganic particle layer
may be 25 gf/15 mm or more. The peel strength may be measured as described below.

[0028] In an exemplary embodiment, the inorganic particle layer may further include an organic binder.

[0029] In an exemplary embodiment, the organic binder may be included at 5 parts by weight or less with respect to
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a total of 100 parts by weight of the first inorganic particles, the second inorganic particles, and the organic binder.
[0030] In another general aspect, the electrochemical device according to the present invention includes: a positive
electrode, a negative electrode, the separator described above, and an electrolyte.

[0031] In an exemplary embodiment, the electrochemical device may be a lithium secondary battery.

[0032] In still another general aspect, the method according to the present invention is a method of manufacturing a
separator and includes: coating one or both surfaces of a porous substrate with a dispersion including first inorganic
particles and second inorganic particles; and drying the coated porous substrate to form an inorganic particle layer,
wherein the first inorganic particles have a fluorescence retention rate represented by Equation 1 of 85% or more.
[0033] Otherfeaturesand aspects will be apparent from the following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1is an absorption spectrum and an emission spectrum of first inorganic particles prepared in Preparation
Example 1.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] The embodiments described in the present specification may be modified in many different forms within the
scope of the present invention defined by the claims, and the technology according to an exemplary embodiment is not
limited to the embodiments set forth herein. In addition, the description of an exemplary embodiment are provided so
that the present disclosure will be understood in more detail to a person with ordinary skill in the art.

[0036] Inaddition, a singular form used in the specification (description and claims appended thereto) may be intended
to include a plural form also, unless otherwise indicated in the context. Furthermore, unless explicitly described otherwise,
"comprising" any components will be understood to imply that the inclusion of other components is possible such that
the presence of other components is not excluded.

[0037] In addition, a numerical range used in the present specification includes all values within the range including
the lower limit and the upper limit. Further, all increments logically derived in a form and span in a defined range, all
double limited values, and all possible combinations of the upper limit and the lower limit in the numerical range defined
in different forms are possible. Unless otherwise defined in the specification of the present invention, values which may
be outside a numerical range due to experimental error or rounding of a value are also included in the defined numerical
range.

[0038] Inthe present specification, it will be understood that when an element such as a layer, film, region, or substrate
is referred to as being "on" or "above" another element, it can be directly on the other element or intervening elements
may also be present.

[0039] The terms such as "first" and "second" used in the present specification may be used to describe various
constituentelements, butthe constituent elements are not to be limited to the terms. The terms are only used to differentiate
one constituent element from other constituent elements.

[0040] In addition, inorganic particles included in the separator according to an exemplary embodiment are used in
the sense of including first inorganic particles and second inorganic particles.

[0041] In the present disclosure, a "sheet shape" means that a thickness is smaller than a long diameter or a short
diameter in a particle shape, and may refer to a sheet shape, a thin shape, and the like.

[0042] In the present disclosure, a long diameter of the sheet-shaped inorganic particles refers to a longest length of
the particles, a short diameter of the sheet-shaped inorganic particles refers to a longest length in a direction orthogonal
to the axis of a long diameter, and those terms may be applied identically to inorganic particles of which the size is
expressed by the long diameter, the short diameter, and the thickness.

[0043] Inthe present disclosure a "rod shape" refers to being extended in any one direction in a particle shape, which
is a wire shape or a shape having a shorter extended length than a fibrous shape, and may refer to a rod shape or a
columnar shape.

[0044] In the present disclosure, the length of the rod-shaped inorganic particles refers to a length in a direction in
which the particles extend, the diameter refers to a length in a direction orthogonal to a direction of measuring the length,
and those terms may be applied identically to inorganic particles of which the size is expressed by the length and the
diameter.

[0045] Inthe presentdisclosure, along diameter, a shortdiameter, a thickness, alength, and a diameter are determined
from averages of values obtained by measuring 20 particles randomly selected from each of five images obtained by a
transmission electron microscope (TEM, JEOL Ltd, JEM-2100F).

[0046] In the present disclosure, the size of particles such as second inorganic particles other than first inorganic
particles and organic particles refers to D50, which is a particle diameter when a cumulative volume is 50% from the
smallest particle diameter in the particle size distribution measurement by a laser scattering method. Here, for D50, the
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particle size distribution may be measured by collecting a sample according to a KS A ISO 13320-1 standard and using
Mastersizer 3000 from Malvern Panalytical Ltd. Specifically, a volume density may be measured after particles are
dispersed in ethanol as a solvent, using an ultrasonic disperser, if necessary.

[0047] Inthe present disclosure, "boehmite" is represented by the chemical formula AIO(OH), and means that a sheet
structure is formed by bonding an Al-(O,0OH) octahedron.

[0048] Inthe presentdisclosure, "pseudo-boehmite” is represented by the chemical formula AIO(OH), and means that
a microcrystalline boehmite-like structure is formed due to a high moisture content.

[0049] The presentinventors conducted a continuous study in order to solve the problems of the conventional separator
having an inorganic particle layer described above. As a result, it was first recognized that in the case of a separator
having an inorganic particle layer formed in which inorganic particles including inorganic particles showing specific
fluorescence properties are connected to each other to form pores on one or both surfaces of a porous substrate, a
separator having excellent heat resistance and adhesion may be provided, though a polymer-based organic binder is
not used or used in a small amount, and thus, the present invention has been completed. The inorganic particle particles
showing specific fluorescence may refer to inorganic particles showing the fluorescence properties, or inorganic particles
having a specific size showing the fluorescence properties.

[0050] Hereinafter, the inorganic particles showing specific fluorescence properties are referred to as "first inorganic
particles", and the inorganic particles which do not show the properties and may be used as a main component forming
an inorganic particle layer are referred to as "second inorganic particles".

[0051] The presentinvention provides a separatorincluding: a porous substrate, and an inorganic particle layer formed
on one or both surfaces of the porous substrate, wherein the inorganic particle layer includes first inorganic particles
and second inorganic particles, and the first inorganic particles have a fluorescence retention rate represented by the
following Equation 1 of 85% or more:

[Equation 1]
Fluorescence retention rate (%) = Lioo/Iox 100

wherein |y is a maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by diluting an upper 10 vol% of aliquot of an aqueous slurry including 5 wt% of the first inorganic particles
by a dilution factor of 500 is irradiated with an incident light having a wavelength in a range of 300 nm to 350 nm, and
l100 is @ maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by allowing the slurry to stand for 100 hours and then diluting an upper 10 vol% of aliquot of the slurry by
a dilution factor of 500 is irradiated with an incident light having a wavelength in a range of 300 nm to 350 nm.

[0052] Here, the fluorescence intensity (Iyand I50) may be detected from an aqueous slurry including the firstinorganic
particles before being coated on the separator, and also may be detected from an aqueous slurry including the inorganic
particle layer obtained by separating the porous substrate from the separator coated with the first inorganic particles,
and also from an aqueous slurry including the first inorganic particles included in the inorganic particle layer obtained
by separating the porous substrate from the separator.

[0053] Inaddition, in an exemplary embodiment, the firstinorganic particles may have a fluorescence in the wavelength
range of 600 nm to 750 nm to an incident light in the wavelength range of 300 nm to 350 nm in a solution phase.
Specifically, the fluorescence may be measured using a fluorescence spectrophotometer (Hitachi, F-7000).

[0054] Conventionally, when an inorganic particle layer is laminated on a porous substrate, inorganic particles are not
dispersed well unless a polymer-based organic binder is used in an excessive amount, so that an inorganic particle layer
having pores formed by connecting inorganic particles to each other may not be prepared, and even when excessive
energy is input to disperse inorganic particles, sufficient adhesive strength between inorganic particles or between an
inorganic particle layer and a porous substrate may not be secured.

[0055] However,inthe separator according to an exemplary embodiment, pores may be formed by connecting inorganic
particles including the second inorganic particles to each other by the first inorganic particles, though an organic binder
is not used. In an exemplary embodiment, it is considered that the separator may show high adhesion since the inorganic
particles and/or the inorganic particle layer and the porous substrate may be connected or anchored by the first inorganic
particles.

[0056] In an exemplary embodiment, the inorganic particle layer may be formed on 90% or more of the entire area of
one or both surfaces of the porous substrate, and specifically 95% or more of the entire area of one or both surfaces of
the porous substrate. More specifically, the inorganic particle layer may be formed on 100% except in the case in which
fine defects occur, of the entire area of each surface of one or both surfaces of the porous substrate. The inorganic
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particle layer has pores formed between the inorganic particles which are adjacent to each other.

[0057] The separator according to an exemplary embodiment may have better bonding strength between particles
included in the inorganic particle layer and better adhesive strength between the porous substrate and the inorganic
particle layer as compared with a conventional separator, though an organic binder is not used.

[0058] In an exemplary embodiment, as compared with an organic/inorganic composite separator including an exces-
sive amount of a conventional polymer-based organic binder, when the inorganic particles having specific fluorescence
properties described above are included, a porous inorganic particle layer in which strong bonds are formed between
inorganic particles and between inorganic particles and a porous substrate may be provided, though an organic binder
is not used, and thus, heat resistance of the separator is further improved, and a new separator which may prevent
ignition and rupture by an abnormal phenomenon such as a rapid temperature rise may be provided.

[0059] The separator according to an exemplary embodiment may avoid the problem of pore blockage and expansion,
may have excellent ion migration to have no impediment in migration of ions such as a lithium ion, and may have
significantly improved electrical properties such as charge and discharge capacity or efficiency of a battery.

[0060] In addition, an inorganic particle layer having significantly increased heat resistance and chemical resistance
and being formed of only inorganic materials may be obtained, and adhesive strength between inorganic particles
included in the inorganic particle layer or between the porous substrate and the inorganic particle layer may be sufficiently
secured by the first inorganic particles having fluorescence properties.

[0061] Accordingly, the separator according to an exemplary embodiment of the present invention may have all of
excellent thermal stability, excellent electrochemical stability, excellent lithium ion conductivity, excellent prevention
properties against electrolyte solution contamination, and an excellent electrolyte solution impregnation rate effect. The
inorganic particle layer may be formed by including the first inorganic particles on one or both surfaces of a porous
substrate, for example, a polyolefin-based porous substrate, in which the firstinorganic particles may have a fluorescence
retention rate represented by the following Equation 1 of 85% or more:

[Equation 1]
Fluorescence retention rate (%) = Lioo/Iox 100

wherein |y is a maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by diluting an upper 10 vol% of aliquot of an aqueous slurry including 5 wt% of the first inorganic particles
by a dilution factor of 500 is irradiated with an incident light having a wavelength in a range of 300 nm to 350 nm, and
l100 i1s @ maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by allowing the slurry to stand for 100 hours and then diluting an upper 10 vol% of aliquot of the slurry by
a dilution factor of 500 is irradiated with an incident light having a wavelength in a range of 300 nm to 350 nm.

[0062] In an exemplary embodiment, when the first inorganic particles satisfying the fluorescence retention rate are
used, a fixation effect of inorganic particles included in the inorganic particle layer, a bonding force between the inorganic
particle layer and the porous substrate, and the like are excellent, and the physical properties to be desired in the present
invention may be more highly implemented. Specifically, the first inorganic particles may have the fluorescence retention
rate represented by Equation 1 of 88% or more, 90% or more, or 94% or more.

[0063] In an exemplary embodiment, the inorganic particle layer of the separator is formed on one or both surfaces
of the porous substrate, and inorganic particles including the second inorganic particles are connected to each other by
the first inorganic particles to form a porous structure having pores formed therein. Though the inorganic particle layer
does not use a polymer-based organic binder, the problems of the organic/inorganic composite separator including an
excessive amount of the conventional organic binder may be solved.

[0064] In an exemplary embodiment, when an electrochemical device using the separator is manufactured, the sep-
arator is not easily ruptured inside the battery by excessive conditions due to internal or external factors such as high
temperature, overcharging, and external shock, and battery safety may be further improved, as compared with the
conventional organic/inorganic composite separator.

[0065] In an exemplary embodiment, the first inorganic particles may have fluorescence properties in the wavelength
range of 600 nm to 750 nm, 600 nm to 700 nm, 650 nm to 750 nm, or 650 nm to 700 nm to an incident light in the
wavelength range of 300 nm to 350 nm. An example of the incident light may be a light having a wavelength of 332 nm,
but is not limited thereto.

[0066] In an exemplary embodiment, the first inorganic particles may be one or two or more selected from sheet-
shaped inorganic particles and rod-shaped inorganic particles, but are not limited thereto.

[0067] When the first inorganic particles have a shape such as a sheet shape or a rod form having a high surface
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area, while expressing specific fluorescence properties, adhesive strength may be further increased by a high surface
contact between the first inorganic particles and the second inorganic particles. Though the reason is not clear, for
example, it is considered that a chemical bond such as a van der Waals bond may be formed more smoothly, a tangle
phenomenon between the second inorganic particles occurs more smoothly by the first inorganic particles, and the
second inorganic particles are in contact with each other and strongly fixed to form pores in the layer more smoothly.
[0068] That is, in the inorganic particle layer, the second inorganic particles are fixed to each other by a chemical
secondary bond or a tangle phenomenon and are easily released, and the adhesive strength of the second inorganic
particles may be significantly improved.

[0069] In an exemplary embodiment, it is preferred that the first inorganic particles have a large surface area, in
particular a surface area as large as possible. For example, the specific surface area may be 50 m2/g or more, 100 m2/g
or more, 500 m2/g or more, 1000 m2/g or more, 3000 m2/g or more and 4000 m2/g or less, or in a range between each
of the numerical values, specifically 300 m2/g to 4000 m2/g, and more specifically 1000 m2/g to 4000 m2/g or more.
When the specific surface area is in the above ranges, a chemical bond such as a van der Waals bond may be increased
by the surface area to further increase entanglement between the first inorganic particles, entanglement between the
firstinorganic particles and a porous substrate surface, entanglement between the first inorganic particles and the second
inorganic particles, or a physical bond. Hence, adhesive strength may be further increased. However, since a weak
bond is also possible depending on the use, it is not necessarily limited thereto.

[0070] In an exemplary embodiment, the first inorganic particles may have, for example, a length (or a long diameter)
in arange of 0.1 nm to 450 nm and a diameter (or a short diameter) in a range of 0.1 nm to 200 nm, but is not necessarily
limited thereto.

[0071] In an exemplary embodiment, when the first inorganic particles are sheet-shaped inorganic particles, the long
diameter and the short diameter may be in a range of 0.1 nm to 200 nm, specifically 0.1 nm to 150 nm, 0.1 nm to 100
nm, 0.1 nm to 80 nm, 0.1 nm to 50 nm, 1 nm to 30 nm, 5 nm to 25 nm, or 10 nm to 20 nm. However, it is not limited as
long as the fluorescence properties are shown.

[0072] In an exemplary embodiment, when the first inorganic particles are sheet-shaped inorganic particles, the thick-
ness may be 50 nm or less, specifically 20 nm or less, 15 nm or less, or 10 nm or less, more specifically 8 nm or less
or 5 nm or less, and the lower limit may be, for example, 0.1 nm or 1 nm, but is not limited as long as the fluorescence
properties are shown.

[0073] In an exemplary embodiment, when the first inorganic particles are rod-shaped inorganic particles, the length
may be in a range of 0.1 nm to 450 nm and the diameter may be in a range of 0.1 nm to 100 nm, more specifically, the
length may be 400 nm or less, 350 nm or less, 300 nm or less, 250 nm or less, 200 nm or less, 150 nm or less, 100 nm
orless, 80 nm or less, or 60 nm or less and the diameter may be 80 nm or less, 70 nm or less, 50 nm or less, 30 nm or
less, or 10 nm or less, and the lower limits of the length and the diameter may be 0.1 nm, 0.5 nm, or 1 nm, but are not
limited thereto. In addition, a ratio between the length and the diameter is not limited, but for example, may be in a range
of 5 to 500, but is not limited as long as the fluorescence properties are shown.

[0074] When the first inorganic particles have the long diameter, the short diameter, and the thickness, or the length
and the diameter in the above ranges, a chemical bond such as a hydrogen bond as well as a van der Waals force and
a dispersion force due to a high surface contact between the first inorganic particles and the second inorganic particles
may be formed more smoothly. In addition, a tangle phenomenon between the second inorganic particles occurs more
smoothly by the first inorganic particles, and the second inorganic particles are in contact with each other to be fixed
more strongly, so that pores may be formed more smoothly in the layer. Accordingly, the physical properties such as a
heat shrinkage rate, a peel strength, and a Gurley permeability of the separator may be improved.

[0075] Inthe presentinvention, the kind of first inorganic particles is not particularly limited as long as the first inorganic
particles show the fluorescence properties and also are chemically stable in themselves under the battery operation
conditions, and for example, the first inorganic particles may include any one or a combination of two or more selected
from metal, carbon, metal oxides, metal nitrides, metal carbides, metal carbonates, metal hydrides, metal carbonitrides,
and the like, and more specifically, may include one or a combination of two or more boehmite, pseudo-boehmite, Ga,04,
SiC, SiC,, quartz, NiSi, Ag, Au, Cu, Ag-Ni, ZnS, Al,0O4, TiO,, CeO,, MgO, NiO, Y,0,, CaO, SrTiOs, SnO,, ZnO, ZrO,,
and the like, but are not necessarily limited thereto.

[0076] The inorganic particle layer also has excellent adhesive strength with the surface of the porous substrate, and
itis considered that this is because the first inorganic particles fix the second inorganic particles by a chemical secondary
bond such as a hydrogen bond as well as a tangle phenomenon and/or a van der Waals force and a dispersion force,
and also, the first inorganic particles penetrate into the micropores formed in the porous substrate and are anchored,
thereby having an effect of being firmly fixed to the porous substrate.

[0077] Therefore,inthe separatoraccordingto an exemplary embodiment of the presentinvention, though the inorganic
particle layer formed on one or both surfaces of the porous substrate is formed of only inorganic materials, problems
such as breakage or escape of inorganic particles may be avoided, and better adhesive strength may be shown.
[0078] Inanexemplary embodimentofthe presentinvention, the second inorganic particles are, forexample, spherical,
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prismatic, elliptical, or amorphous particles, or mixed forms thereof, and may include any one or a combination of two
or more selected from metal oxides, metal nitrides, metal carbides, metal carbonate, metal hydrides, and metal carbon-
itrides, as those not showing the fluorescence properties, and specifically, may include any one or a combination of two
or more selected from boehmite, pseudo-boehmite, Al,O5, TiO,, CeO,, MgO, NiO, Y,03, CaO, SrTiOs, SnO,, Zn0O,
ZrO,, and the like, but are electrochemically stable and are not necessarily limited thereto as long as they do not
significantly affect battery performance.

[0079] The size ofthe second inorganic particles is not limited as long as the object of the presentinvention is achieved,
and may be for example, in a range of 0.001 pwm to 20 wm, specifically 0.001 pm to 10 wm, but fluorescence properties
like those of the first inorganic particles are not shown.

[0080] In an exemplary embodiment of the present invention, the size of the second inorganic particles refers to an
average particle diameter (D50), that is, the average particle diameter (D50) of the second inorganic particles may be
in arange of 0.001 wm to 20 pm or 0.001 pwm to 10 wm, and the second inorganic particles may include particles having
different sizes from each other as long as they have the average particle diameter (D50) in the above range. For example,
the second inorganic particles may include particles having the average particle diameter (D50) in a range of 0.001 pm
to 1 wm and particles having the average particle diameter (D50) in a range of 0.5 um to 10 wm, but are not limited thereto.
[0081] The first inorganic particles may be included at 0.1 parts by weight to 30 parts by weight with respect to 100
parts by weight of the second inorganic particles, and though it is not necessarily limited thereto, when the content range
is satisfied, a bonding force between inorganic particles including the first inorganic particles and the second inorganic
particles and between the inorganic particle layer and the porous substrate is excellent, thereby achieving the object of
the presentinvention. As to the content, more specifically, the first inorganic particles may be included at 1 part by weight
to 30 parts by weight, 1 part by weight to 25 parts by weight, or 1 part by weight to 20 parts by weight with respect to
100 parts by weight of the second inorganic particles.

[0082] In an exemplary embodiment of the present invention, it is preferred that the inorganic particle layer includes
inorganic particles alone as particles, but the inorganic particle layer maybe an inorganic particle layer which further
includes organic particles, if necessary to form pores. Here, the kind of organic particles such as polyethylene particles
is not particularly limited as long as the particles are electrochemically stable.

[0083] In addition, when the inorganic particle layer includes organic particles, the content may be 0.1 parts by weight
to 40 parts by weight with respect to 100 parts by weight of the second inorganic particles, but it is not limited as long
as the object of the present invention is achieved.

[0084] In addition, the size of the organic particles may be used in the same range as the size of the second inorganic
particles.

[0085] The inorganic particle layer of the present invention may further include other commonly known additives in
addition to the first inorganic particles and the second inorganic particles described above.

[0086] In an exemplary embodiment of the present invention, the inorganic particle layer of the present invention does
not include an organic binder and may be formed of only inorganic materials, but may further include an organic binder
as long as the object of the present invention is achieved.

[0087] Specifically, the organic binder may be included at 5 parts by weight or less with respect to a total of 100 parts
by weight of the first inorganic particles, the second inorganic particles, and the organic binder. More specifically, the
organic binder may be included at 3 parts by weight or less or 1 part by weight or less with respect to a total of 100 parts
by weight of the first inorganic particles, the second inorganic particles, and the organic binder, and its lower limit may
be 0.1 parts by weight, but is not limited thereto. If the content of the organic binder satisfies the range, the heat resistance
and the adhesive strength of the separator may be further improved, and problems such as pore blockage by the organic
binder, an increased resistance increase rate, and deteriorated electrical properties by a chemical reaction and the like
may be further prevented.

[0088] In particular, if the content of the organic binder satisfies the range, regarding the physical properties of a slurry
including the first inorganic particles, the second inorganic particles, and the organic binder, a particle diameter (D50)
increase rate of particles in the slurry and a slurry viscosity increase rate are measured to be low, so that the physical
properties of the slurry may be maintained better for a long time, and a standard deviation increase rate of the thickness
of the inorganic particle layer formed by coating the slurry on the porous substrate is also measured to be lower, so that
coating uniformity may be maintained better. The uniformity may further improve the heat resistance of the separator
and the uniformity of adhesive strength, and the electrical properties of a battery may be further improved by the uniformity
of gas permeability. Here, the diameter refers to D50 which is a particle diameter corresponding to 50% of a total volume
when the particle diameter of the inorganic particles is measured and the volume is accumulated from the small particles.
[0089] More specifically, if the content of the organic binder satisfies the range, when the slurry is allowed to stand at
room temperature for 24 hours, the particle diameter (D50) increase rate of particles in the slurry may be 1.5% or less,
specifically 1% or less, and the viscosity increase rate of the slurry may be 1% or less, specifically 0.5% or less. In
addition, when the separator including the inorganic particle layer formed by coating the slurry is allowed to stand at
room temperature for 24 hours, the standard deviation increase rate of the thickness of the inorganic particle layer may
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be 2% or less, specifically 1% or less, but is not necessarily limited thereto.

[0090] In addition, the organic binder may be included at 0.1 parts by weight to 10 parts by weight with respect to 100
parts by weight of the second inorganic particles. In addition, since the organic binder is included at 0.1 parts by weight
to 10 parts by weight with respect to 100 parts by weight of the second inorganic particles, it may be included at 5 parts
by weight, 3 parts by weight, or 1 part by weight or less with respect to a total of 100 parts by weight of the first inorganic
particles, the second inorganic particles, and the organic binder.

[0091] More specifically, the content of the organic binder may be 0.1 parts by weight to 5 parts by weight, specifically
0.1 parts by weight to 3 parts by weight with respect to 100 parts by weight of the second inorganic particles. Likewise,
since the content of the organic binder is 0.1 parts by weight to 5 parts by weight, specifically 0.1 parts by weight to 3
parts by weight with respect to 100 parts by weight of the second inorganic particles, it is preferred that the organic
binder may be included at 5 parts by weight or less, 3 parts by weight or less, or 1 part by weight or less with respect to
a total of 100 parts by weight of the first inorganic particles, the second inorganic particles, and the organic binder, but
it is not necessarily limited thereto.

[0092] In an exemplary embodiment of the present invention, the organic binder refers to a binder known in the art,
and may include a polymer-based organic binder known in the art such as an ester-based polymer, an amide-based
polymer, an imide-based polymer, an acryl-based polymer, a styrene-based polymer, a vinyl alcohol-based polymer, a
vinylpyrrolidone-based polymer, a cellulose-based polymer, and a fluorine-based polymer, or refers to a crosslinkable
compound which is crosslinked to serve as a binder, such as a silane compound having a reactive group, or metal
alkoxide or metal alkanoate having a polar group, but is not limited thereto.

[0093] Specifically, the ester-based polymer may be selected from polyethylene terephthalate, polyethylene naphtha-
late (PEN), and the like, the amide-based polymer may be selected from polyamide-6, polyamide-66, and the like, the
imide-based polymer may be selected from polyimide, polyether imide, polyester imide, and the like, and the acryl-based
polymer may be selected from polyacrylamide, polymethacrylate, polyethylacrylate, polyacrylate, polybutylacrylate, so-
dium polyacrylate, acrylic acid-methacrylic acid copolymer, and the like. The styrene-based polymer may be selected
from polystyrene, polyalphamethylstyrene, polybromostyrene, and the like. The vinylalcohol-based polymer may be
selected from polyvinylalcohol, polyvinylacetate, a polyvinylacetate-polyvinylalcohol copolymer, and the like. The vi-
nylpyrrolidone-based polymer may be selected from copolymers including polyvinylpyrrolidone and vinylpyrrolidone and
the like. The cellulose-based polymer may be carboxymethyl cellulose, cellulose acetate propionate, cellulose acetate,
cellulose acetate butylate, and the like, and the fluorine-based polymer may be, specifically, for example, any one or a
mixture of two or more selected from polyvinylidene fluoride, polytetrafluoroethylene, polyhexafluoroethylene, hexafluor-
opropylene, polyfluoride-hexafluoropropylene, polychlorotrifluoroethylene, and the like, but is not limited thereto.
[0094] Specifically, the polymer-based organic binder described above may have a weight average molecular weight
range of 5,000 to 3,000,000 g/mol, but is not limited thereto, and may have a glass transition temperature of 100°C to
200°C, but is not limited thereto.

[0095] In addition, an example of a crosslinkable compound which is crosslinked to serve as a binder, such as a silane
compound having a reactive group may be selected from, for example, y-glycidoxypropyltrimethoxysilane, y-glycidoxy-
propylmethyldiethoxysilane, -(3,4-epoxydichlorohexyl)ethyltrimethoxysilane, y-methacryloxypropyltrimethoxysilane, y-
methacryloxypropylmethyldimethoxysilane, and tetraethoxysilane (TEOS), but is not limited thereto.

[0096] In addition, the polar group of the metal alkanoate having a polar group may be any one or two or more selected
from a hydroxyl group, a carbonyl group, amine group, and a thiol group, but is also not limited thereto, and as an
example, it may be aluminum L-lactate, but is not limited thereto. Besides, since various organic binders used in this
field may be used, the kind is not necessarily limited thereto.

[0097] In an exemplary embodiment of the present invention, as the porous substrate, a porous polymer film, a sheet,
woven fabric, a non-woven fabric, and the like manufactured from a polymer used as a separator may be variously used,
and also, a porous substrate having a laminated structure in which each layer is laminated in two or more layers may
be included.

[0098] The material of the porous substrate is not particularly limited as long as it is a polymer material used in a
secondary battery field, and for example, may be a porous polyolefin-based substrate. Specifically, it may be a porous
film, a sheet, of a non-woven fabric form, and the like manufactured from low-density polyethylene, linear low-density
polyethylene, highdensity polyethylene, ultra-high molecular weight polyethylene, polypropylene, the copolymer or a
derivative thereof, but is not limited thereto.

[0099] The thickness of the porous substrate is not particularly limited as long as the object of the present invention
is achieved, but may be in a range of 1 um to 100 uwm, specifically 5 wm to 60 wm, and more specifically 5 pm to 30
pm. In addition, as to the pore size and the porosity of the porous substrate, for example, the pore size (diameter) may
be in a range of 0.01 wm to 20 um, specifically 0.05 wm to 2 um and the porosity may be 5% to 95%, specifically 30%
to 60%, but are not necessarily limited thereto.

[0100] In an exemplary embodiment of the present invention, as long as the inorganic particle layer has pores formed
by inorganic particles including the first inorganic particles and the second inorganic particles being adjacent to each
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other, the thickness is not particularly limited, but may be in a range of 0.01 uwm to 50 pm.

[0101] In an exemplary embodiment of the present invention, the pore size and the porosity of the separator are
determined by the diameter of the first inorganic particles and the size of the second inorganic particles and are not
particularly limited, but for example, may be in a range of 0.001 um to 10 wm and 5% to 95%, respectively.

[0102] In an exemplary embodiment of the present invention, the thickness of the separator is not particularly limited,
and for example, in a range of 5 um to 100 pm, specifically 10 wm to 50 pm.

[0103] The separator according to an exemplary embodiment is formed on one or both surfaces of the porous substrate,
and by adopting the inorganic particle layer including the first inorganic particles having fluorescence properties, has a
significantly low heat shrinkage rate at a high temperature to improve heat resistance.

[0104] For example, the separator may have a heat shrinkage rate (%) at 170°C of 10% or less. Specifically, the
separator may have a heat shrinkage rate at 170°C of 8% or less, 5% or less, or 3% or less, and the lower limit is not
limited thereto, but may be 0.01% or 0.1%. In addition, the separator may have a heat shrinkage rate at 130°C of 5%
orless, 3% or less, 1% or less, or 0.5% or less, and the lower limit may be 0.001% or 0.01%. In addition, the separator
may have a heat shrinkage rate at 150°C of 10% or less, 5% or less, 3% or less, or 1.5% or less, and the lower limit
may be, for example, 0.001% or 0.01%.

[0105] The heat shrinkage rate may be calculated by the following Equation 2, after allowing a separator of 10 cm X
10 cm marked with a TD direction to stand at 150°C, 160°C, and 170°C for 1 hours, respectively and measuring an area
reduction rate.

[Equation 2]
Heat shrinkage rate (%) in TD direction= ((length before heating - length after

heating) / length before heating) x 100

[0106] In addition, the Gurley permeability variation of the separator may satisfy the following Equation 3. The Gurley
permeability variation satisfies the following Equation 3, thereby implementing the desired physical properties of the
separator of the present invention.

[Equation 3]

G1-G2<70

wherein G, is a Gurley permeability of the separator, G, is a Gurley permeability of the porous substrate itself, and the
unit is sec/100 cc. The Gurley permeability may be a time required for 100 cc of air to pass through a separator area of
1 square inch, measured in seconds, in accordance with ASTM D726.

[0107] In addition, the separator may have improved adhesive strength properties between the porous substrate and
the inorganic particle layer and between inorganic particles of the inorganic particle layer.

[0108] For example, the separator may have a weight change rate (%) of the inorganic particle layer of 10% or less
by a strawboard adhesion test. Specifically, the weight change rate (%) of the inorganic particle layer by the strawboard
adhesion test may be 8% or less or 5% or less. The separator satisfies the weight change rate of the inorganic particle
layer by the strawboard adhesion test in the above range, thereby having excellent adhesive strength to improve stability.
[0109] The strawboard adhesion test is performed by placing a black strawboard having a size of 2 cmX10 cmon a
separator having a size of 5 cmXx10 cm, pulling the strawboard horizontally at a speed of 0.1 m/s in a state of pressing
the strawboard with a force of 10 N, and evaluating the amount of particles sticking to the strawboard at that time.
[0110] The weight change rate (%) of the inorganic particle layer may be calculated by the following Equation 4:

[Equation 4]
Weight change rate (%) of inorganic particle layer = ((weight of inorganic particle
layer before strawboard adhesion test - weight of inorganic particle layer after strawboard

adhesion test) / weight of morganic particle layer before strawboard adhesion test) x 100
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[0111] In addition, the separator may have a peel strength between the porous substrate and the inorganic particle
layer of 25 gf/15 mm or more. The determination of the peel strength is by a 180° peel test method according to the
industrial standard ASTM D903. Specifically, the peel strength may be 30 gf/15 mm or more, 40 gf/15 mm or more, 50
gf/15 mm or more, 70 gf/15 mm or more, or 80 gf/15 mm or more, and its upper limit is not limited, but may be 300 gf/15
mm or less or 200 gf/15 mm or less. If the peel strength satisfies the range, a separator which has improved stability
with excellent adhesive strength between the porous substrate and the inorganic particle layer may be provided.
[0112] Hereinafter, an electrochemical device according to an exemplary embodiment of the present invention will be
described.

[0113] The separator may be used in an electrochemical device, for example, a separator of a lithium secondary
battery. The electrochemical device is not particularly limited, but, for example, may be a primary battery, a secondary
battery, a fuel battery, a capacitor, and the like.

[0114] The electrochemical device according to an exemplary embodiment may include a positive electrode, a negative
electrode, the separator described above, and an electrolyte. When the separator is usually used in a battery, a negative
electrode, a separator, and a positive electrode are arranged and assembled, which follows a general manufacturing
method of injecting an electrolyte solution for completion, and thus, it will not be described any more in detail.

[0115] The positive electrode of the present invention is not limited as long as it is a common material used as a
positive electrode of a secondary battery, and, for example, may be a lithium magnesium oxide, a lithium cobalt oxide,
a lithium nickel oxide, or a composite oxide formed by a combination thereof, and the like.

[0116] The negative electrode active material is not limited as long as itis a common negative electrode active material
used as a negative electrode of a secondary battery, and for example, may be a lithium metal, activated carbon, carbon-
based materials such as graphite, and the like.

[0117] Each of the positive electrode active material and the negative electrode active material is used by binding the
materials to a positive electrode current collector or a negative electrode current collector, respectively. As the positive
electrode current collector, an aluminum foil, a nickel foil, and the like may be used, and the negative electrode current
collector may be selected from copper, nickel, and the like, but since any material may be used without limitation as
long as it is commonly used, it is not limited thereto.

[0118] Since the electrolyte solution used in the present invention is not limited as long as it is used in the art, it will
not be described any more in the present invention.

[0119] Hereinafter, a method of manufacturing a separator according to an exemplary embodiment of the present
invention will be described in detail.

[0120] The separator according to an exemplary embodiment of the present invention may be manufactured by mixing
the first inorganic particles and the second inorganic particles and dispersing the mixture in a solvent to prepare an
inorganic particle dispersion, coating a porous substrate with the dispersion, and drying the porous substrate. Here, the
second inorganic particles may be dispersed well by the first inorganic particles without an organic binder or with a small
amount of the organic binder.

[0121] Thatis, when an inorganic particle dispersion is prepared in a conventional organic/inorganic composite sep-
arator, it is impossible to disperse inorganic particles without the use of an excessive amount of an organic binder, and
also, even in the case of preparing a dispersion by applying an excessive force, adhesive strength between inorganic
particles or between inorganic particles and a porous substrate is very poor, the separator does not function.

[0122] However, in the method of manufacturing a separator according to an exemplary embodiment of the present
invention, the first inorganic particles and the second inorganic particles or particles including the second inorganic
particles are mixed and dispersed, and the particles may be dispersed very well as in the case of conventionally using
an excessive amount of the organic binder, and simultaneously, problems with the use of an excessive amount of the
organic binder may be solved.

[0123] Therefore, when an inorganic particle layer is laminated by coating one or both surfaces of a porous substrate
with the dispersion, adhesive strength with the porous substrate and adhesive strength between particles are excellent.
[0124] The method of manufacturing a separator according to an exemplary embodiment of the present invention may
include: coating one or both surfaces of a porous substrate with a dispersion including firstinorganic particles and second
inorganic particles; and drying the coated porous substrate to form an inorganic particle layer.

[0125] Specifically, the method of manufacturing a separator according to an exemplary embodiment of the present
invention may include: a first step of dispersing first inorganic particles in a solution to prepare a dispersion; a second
step of dispersing second inorganic particles or particles including the second inorganic particles in the dispersion of
the first step to prepare a dispersion; and a third step of coating the entire surface or a part of the surface of a porous
substrate film with the dispersion prepared in the second step and drying the film to form an inorganic particle layer.
[0126] In addition, the method of manufacturing a separator according to an exemplary embodiment of the present
invention may include: adding first inorganic particles and second inorganic particles to a solution simultaneously and
dispersing the particles in the solution to prepare a dispersion; and coating the entire area or a part of the area of a
porous substrate film with the dispersion and drying the film.
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[0127] As a dispersion medium (solvent) of the dispersion forming the inorganic particle layer, water may be mainly
used, and as other dispersion media (solvents), organic solvents, for example, lower alcohol such as ethanol, methanol,
and propanol, dimethylformamide, acetone, tetrahydrofuran, diethylether, methylene chloride, DMF, N-methyl-2-pyrro-
lidone, hexane, and cyclohexane, or a mixture thereof may be used, but the present invention is not necessarily limited
thereto.

[0128] Itis preferred to crush an aggregate of the second inorganic particles in the dispersion prepared by mixing the
second inorganic particles or particles including the second inorganic particles and the first inorganic particles in the
dispersion medium (solvent), using a ball mill, a beads mill, a planetary mixer (pulverization and mixing method by
revolution/rotation), and the like. Here, a crushing time is not limited as long as the aggregate is sufficiently crushed,
and for example, it may be 0.01 hours to 20 hours, and the particle size of the crushed second inorganic particles may
be in the range of 0.001 um to 10 wm, but they are not necessarily limited thereto.

[0129] The porous separator having the inorganic particle layer on one or both surfaces of the porous substrate may
be obtained by coating the porous substrate with the dispersion and drying the porous substrate. Specifically, a polyolefin-
based porous substrate film is coated with the dispersion and dried, thereby obtaining the separator of the present
invention.

[0130] Though the coating method is not particularly limited, the dispersion may be coated by, for example, various
methods such as knife coating, roll coating, and dip coating.

[0131] In an exemplary embodiment of the present invention, an organic binder may be further included, and in this
case, the separator may be manufactured by using a solvent in which the organic binder is dissolved.

[0132] Since the firstinorganic particles, the second inorganic particles, and the organic binder are as described above
for the separator, the detailed description thereof will be omitted.

[0133] For example, the first inorganic particles may have a fluorescence retention rate represented by the following
Equation 1 of 85% or more:

[Equation 1]
Fluorescence retention rate (%) = Lioo/Iox 100

wherein |y is a maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by diluting an upper 10 vol% of aliquot of an aqueous slurry including 5 wt% of the first inorganic particles
by a dilution factor of 500 is irradiated with an incident light having a wavelength in a range of 300 nm to 350 nm, and
l100 i1s @ maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by allowing the slurry to stand for 100 hours and then diluting an upper 10 vol% of aliquot of the slurry by
a dilution factor of 500 is irradiated with an incident light having a wavelength in a range of 300 nm to 350 nm.

[0134] Hereinafter, a method of selecting inorganic particles for a separator according to another exemplary embod-
iment will be described.

[0135] An exemplary embodiment may provide a method of selecting inorganic particles for a separator including:
measuring a fluorescence retention rate represented by Equation 1; and

selecting inorganic particles having a fluorescence retention rate of 85% or more as inorganic particles for a separator.
[0136] As described above, the separator according to an exemplary embodiment adopts an inorganic particle layer
whichis formed on one or both surfaces of a porous substrate and includes inorganic particles having specific fluorescence
properties, thereby having improved heat resistance to prevent ignition or rupture by an abnormal phenomenon such
as a rapid temperature rise, and having excellent adhesive strength between the porous substrate and the inorganic
particle layer and between the inorganic particles of the inorganic particle layer. The inorganic particles for a separator
which may significantly improve heat resistance and adhesion may be easily adopted, using the fact that the inorganic
particles have specific fluorescence properties.

[0137] Hereinafter, preferred examples are presented in order to help a better understanding of the present invention,
however, the following examples are only illustrative of the present invention, and do not limit the scope of the present
invention.

[Method of evaluating physical properties]
1. Evaluation of heat shrinkage rate

[0138] A separator of 10 cmXxX10 cm marked with a TD direction was allowed to stand at 150°C, 160°C, and 170°C
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for 1 hour each, and then an area reduction rate was measured to calculate a heat shrinkage rate in a TD direction by
the following Equation Formula 2:

[Equation 2]
Heat shrinkage rate (%) in TD direction= ((length before heating - length after

heating) / length before heating) x 100
2. Evaluation of Gurley permeability variation
[0139] A Gurley permeability is a time required for 100 cc of air to pass through a separator area of 1 square inch,

measured in seconds, in accordance with the standard of ASTM D726, using a densometer available from Toyoseiki,
and a Gurley permeability variation (AGurley permeability) was calculated by the following Equation 5:

[Equation 5]
Gurley permeability variation (sec/100 cc) = Gurley permeability of separator (G) -

Gurley permeability of porous substrate (G2)
3. Strawboard adhesion test

[0140] The strawboard adhesion testis performed by placing ablack strawboard having a size of 2cm <10 cm (Doosung
Paper, weight: 180 g/m2, black) on a separator having a size of 5 cmx10 cm, pulling the strawboard horizontally at a
speed of 0.1 m/s in a state of pressing the strawboard with a force of 10 N, and evaluating the amount of particles sticking
to the strawboard at that time.

[0141] Specifically, a weight change rate (%) of the inorganic particle layer by the strawboard adhesion test was
calculated by the following Equation 4:

[Equation 4]

Weight change rate (%) of inorganic particle layer = ((weight of inorganic particle
layer before strawboard adhesion test - weight of inorganic particle layer after strawboard
adhesion test) / weight of morganic particle layer before strawboard adhesion test) x 100

4. Evaluation of peel strength

[0142] A tensile measurement device (3343) available from INSTRON was used to measure a peel strength between
a porous substrate and an inorganic particle layer by a 180° peel test method (ASTM D903).

5. Analysis of fluorescence properties

[0143] Using a fluorescence spectrophotometer (Hitachi, F-7000), a light of 650 nm to 700 nm occurring by irradiating
with a light of 332 nm was detected in a fluorescence spectrum.

[0144] In addition, particles prepared in the following preparation examples and inorganic particles having an average
particle diameter of 80 nm used in the comparative examples were prepared as a 5 wt% aqueous dispersion, an aqueous
solution obtained by sampling a 10 vol% aliquot of the aqueous dispersion and diluting the liquid by a dilution factor of
500 was irradiated with a light of 332 nm, and a maximum fluorescence intensity at a peak wavelength was measured.
The fluorescence intensity measured at this time is referred to as an initial fluorescence intensity (l,) of the aqueous
dispersion.

[0145] The 5 wt% aqueous dispersion prepared above was allowed to stand for 100 hours, a 10 vol% aliquot was
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sampled and diluted by a dilution factor of 500 to obtain a solution, the solution was irradiated with a light of 332 nm, a
maximum fluorescence intensity (l4qq) at the wavelength was measured, and the fluorescence intensity measured at
this time is referred to as a fluorescence intensity (l4o9) after allowing the aqueous dispersion to stand for 100 hours.
Thereafter, a fluorescence retention rate was determined by the following Equation 1:

[Equation 1]
Fluorescence retention rate (%) = Lioo/Iox 100

<Preparation Example 1>

[0146] 306 g of aluminum isopropoxide (Sigma Aldrich) was dissolved in 1600 g of water to prepare an aluminum
precursor solution. The aluminum precursor solution was heated to 95°C while decreasing the pressure to 500 mbar to
remove isopropyl alcohol which was the byproduct of the condensation reaction in the solution. 28 g of acetic acid was
added to the aluminum precursor solution from which isopropyl alcohol had been removed, and the pH was adjusted to
3.3. The aluminum precursor solution having a pH of 3.3 was heated at 5°C/min in a pressurized reactor to set the
reaction temperature to 150°C and then the reaction was performed with stirring for 6 hours. The solution after completing
the reaction was naturally cooled to prepare pseudo-boehmite particles.

[0147] The length and the diameter of the pseudo-boehmite particles prepared above were determined from averages
of the values measured by randomly selecting 5 transmission electron microscopic images using a transmission electron
microscopy (TEM), and randomly selecting 20 particles in each image. It was confirmed that the length and the diameter
were 55 nm and 6 nm, respectively, and the particles were a rod shape. The fluorescence properties of the particles
prepared above are listed in FIG. 1 and Table 1.

<Preparation Example 2>

[0148] The particles were prepared in the same manner as in Preparation Example 1, except that 10 g of lactic acid
was added to the aluminum precursor solution from which isopropyl alcohol had been removed and the pH was adjusted
to 4.5, the aluminum precursor solution of pH 4.5 was heated at 5°C/min to set the reaction temperature to 180°C, and
then the reaction was performed while performing stirring for 6 hours.

[0149] As a result of performing measurement in the same manner as in Preparation Example 1, it was confirmed that
the particles were a rectangular sheet shape having a long diameter of 20 nm, a short diameter of 10 nm, and a thickness
of 5 nm, and the fluorescence properties of the prepared particles are listed in Table 1.

[Table 1]
Classification Iy l100 l100/lo
Preparation Example 1 1817 | 1745 0.96
Preparation Example 2 2013 | 1888 0.94
Boehmite having average diameterof 1770nm | 4815 0 0
Boehmite having average diameter of 80 nm | 5502 | 4639 0.84

<Example 1>

[0150] 92 parts by weight of boehmite having an average particle diameter of 170 nm (D50: 170 nm) having the
properties shown in Table 1 and 8 parts by weight of the particles of Preparation Example 1 were added to water to
prepare a dispersion having a solid content of 15 wt%.

[0151] Both surfaces of a polyethylene film (porosity: 41%) having a thickness of 9 um was bar coated with the
dispersion prepared above and dried to form an inorganic particle layer. The thickness of the inorganic particle layer on
each surface was 2 um. The average pore and porosity of the produced separator was 0.04 w.m and 45%, respectively,
and the porosity of the inorganic particle layer was 56%.

[0152] The results of measuring the total thickness, the heat shrinkage rate, the Gurley permeability variation, and the
peel strength of the inorganic particle layer of the manufactured separator are listed in Table 2.
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<Example 2>

[0153] The process was performed in the same manner as in Example 1, except that boehmite having an average
particle diameter of 170 nm (D50: 170 nm) having the properties shown in Table 1 and the particles of Preparation
Example 1 were added at a weight ratio of 85:15. The average thickness of the prepared inorganic particle layer was 2
pm and the physical properties of the manufactured separator are listed in Table 2.

<Example 3>

[0154] The process was performed in the same manner as in Example 1, except that the particles of Preparation
Example 2 were used instead of the particles of Preparation Example 1. The average thickness of the prepared inorganic
particle layer was 2 um and the physical properties of the manufactured separator are listed in Table 2.

<Example 4>

[0155] The process was performed in the same manner as in Example 1, except that boehmite having an average
particle diameter of 170 nm (D50: 170 nm) having the properties shown in Table 1 and the particles of Preparation
Example 2 were added at a weight ratio of 85:15. The average thickness of the prepared inorganic particle layer was 2
pm and the physical properties of the manufactured separator are listed in Table 2.

<Comparative Example 1>

[0156] The process was performed in the same manner as in Example 1, except that boehmite having an average
particle diameter of 80 nm (D50: 80 nm) having the properties (fluorescence retention rate according to Equation 1:
84%) shown in Table 1 were used instead of the particles of Preparation Example 1. The average thickness of the
prepared inorganic particle layer was 2 pm and the physical properties of the manufactured separator are listed in Table 2.

<Comparative Example 2>

[0157] The process was performed in the same manner as in Comparative Example 1, except that boehmite having
an average particle diameter of 170 nm (D50: 170 nm) having the properties shown in Table 1 and boehmite having an
average particle diameter of 80 nm (D50: 80 nm) having the properties shown in Table 1 were added at a weight ratio
of 85:15. The average thickness of the prepared inorganic particle layer was 2 pm and the physical properties of the
manufactured separator are listed in Table 2.

[Table 2]
Physical properties of separator
Ayerage Heatshrinkage rate (%) (TD AGurley Strawboard adhesion Peel
thickness L o
(M) direction) permeability test strength
'8
composition
Weight change rate Gi15
130°C | 150°C | 170°C sec/100 cc (%) of inorganic mm
particle layer
Example 1 4 0.1 1.2 2.0 56 4.2 89
Example 2 4 0.1 1.0 1.8 62 2.9 105
Example 3 4 0.1 1.4 22 57 3.8 94
Example 4 4 0.1 1.1 1.9 63 2.8 109
Comparative 4 2.4 52 - 51 116 11
Example 1
Comparative 4 2.9 51 - 57 12.1 12
Example 2

[0158] Referringto Table 2, it was confirmed that the separators of Examples 1 to 4 including the firstinorganic particles
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having the fluorescence retention rate represented by Equation 1 of 85% or more had significantly low heat shrinkage
rates to have excellent heat resistance, had significantly low Gurley permeability increase rates, had significantly low
weight change rates of the inorganic particle layer by the strawboard adhesion test, and had very high peel strength to
have significantly improved adhesion.

[0159] However, it was confirmed that the separators of Comparative Examples 1 and 2 including inorganic particles
having the fluorescence retention rate represented by Equation 1 of less than 85% had very high heat shrinkage rates
to have significantly deteriorated heat resistance, had very high weight change rates of the inorganic particle layer by
the strawboard adhesion test, and had significantly low peel strength measured to have greatly deteriorated adhesion.
[0160] Accordingly, the separator according to the present invention includes the first inorganic particles and the
second inorganic particles on the porous substrate in which the first inorganic particles satisfy the fluorescence retention
rate represented by Equation 1 of 85% or more, wherein the separator may show sufficient adhesion, Gurley permeability,
and excellent heat shrinkage.

[0161] The separator according to the present invention adopts an inorganic particle layer which is formed on one or
both surfaces of a porous substrate and includes inorganic particles having specific fluorescence properties, wherein
the separator may have improved heat resistance to prevent ignition or rupture by an abnormal phenomenon such as
a rapid temperature rise.

[0162] In addition, the separator according to the present invention includes inorganic particles having specific fluo-
rescence properties in an inorganic particle layer of the separator, wherein the separator may have excellent adhesive
strength between a porous substrate and the inorganic particle layer and between inorganic particles of the inorganic
particle layer.

[0163] Inaddition, the inorganic particles for a separator which may significantly improve heat resistance and adhesion
may be easily adopted, using the fact that the inorganic particles have specific fluorescence properties.

[0164] Inaddition, the electrochemical device according to an exemplary embodiment of the presentinvention includes
the separator, thereby having chemically stable and excellent electrical properties.

[0165] Hereinabove in the present specification, the present disclosure includes specific examples and exemplary
embodiments which have been provided only for assisting the entire understanding of the present invention. The present
invention is not limited to the exemplary embodiments, and various modifications and changes may be made within the
scope defined by the claims by those skilled in the art to which the present disclosure pertains from the description.
[0166] Therefore, the spirit described in the present specification should not be limited to the above-described exem-
plary embodiments.

Claims

1. A separator comprising: a porous substrate and an inorganic particle layer formed on one or both surfaces of the
porous substrate,

wherein the inorganic particle layer includes first inorganic particles and second inorganic particles, and
the first inorganic particles have a fluorescence retention rate represented by the following Equation 1 of 85%
or more:

[Equation 1]
Fluorescence retention rate (%) = I1oo/Iox 100

wherein |y is a maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a
solution obtained by diluting an upper 10 vol% of aliquot of an aqueous slurry including 5 wt% of the firstinorganic
particles by a dilution factor of 500 is irradiated with an incident light having a wavelength in the range of 300
nm to 350 nm, and

l100 is @ maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by allowing the slurry to stand for 100 hours and then diluting an upper 10 vol% of aliquot of the slurry
by a dilution factor of 500 is irradiated with an incident light having a wavelength in the range of 300 nm to 350 nm.

2. The separator of claim 1, wherein the first inorganic particles have a fluorescence in the wavelength region of 600
nm to 750 nm when irradiated to an incident light in the wavelength region of 300 nm to 350 nm in a solution phase.

3. The separator of any of claims 1 or 2, wherein the first inorganic particles are one or two or more selected from
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sheet-shaped inorganic particles and rod-shaped inorganic particles.

The separator of claim 3, wherein the sheet-shaped inorganic particles have an average long diameter and an
average short diameter in the range of 0.1 nm to 200 nm, respectively, and an average thickness in the range of
0.1 nm to 50 nm.

The separator of any of claims 3 or 4, wherein the rod-shaped inorganic particles have an average length in the
range of 0.1 nm to 450 nm and an average diameter in the range of 0.1 nm to 100 nm.

The separator of any of claims 1 to 5, wherein the first inorganic particles include any one or a combination of two
or more selected from metal, carbon, metal oxides, metal nitrides, metal carbides, metal carbonate, metal hydrides,
and metal carbonitrides, preferably include one or a combination of two or more selected from boehmite, pseudo-
boehmite, Ga,03, SiC, SiC,, quartz, NiSi, Ag, Au, Cu, Ag-Ni, ZnS, Al,0, TiO, CeO,, MgO, NiO, Y,0;, CaO,
SrTiOs, SnO,, Zn0O, and ZrOz.

The separator of any of claims 1 to 6, wherein the second inorganic particles include any one or a combination of
two or more selected from metal oxides, metal nitride, metal carbides, metal carbonates, metal hydroxide, and metal
carbonitrides, preferably include one or a combination of two or more selected from boehmite, pseudo-boehmite,
Al,O4, TiO,, CeO,, MgO, NiO, Y,04, CaO, SrTiOs, SnO,, ZnO, and ZrO,.

The separator of any of claims 1 to 7, wherein the second inorganic particles has a D50 value in a range of 0.001
pm to 20 pm.

The separator of any of claims 1 to 8, wherein the first inorganic particles are included at 0.1 parts by weight to 30
parts by weight with respect to 100 parts by weight of the second inorganic particles.

The separator of any of claims 1 to 9, wherein the separator has

(a) a heat shrinkage rate (%) at 170°C of 10% or less; and/or,

(b) aweight change rate (%) of the inorganic particle layer of 10% or less by a strawboard adhesion test, wherein
the strawboard adhesion test is performed by placing a black strawboard having a size of 2 cmXx10 cm on a
separator having a size of 5 cmx10 cm, pulling the strawboard horizontally at a speed of 0.1 m/s in a state of
pressing the strawboard with a force of 10 N, and evaluating an amount of particles sticking to the strawboard
at that time; and/or,

(c) a peel strength between the porous substrate and the inorganic particle layer is 25 gf/15 mm or more.

The separator of any of claims 1 to 10, wherein the inorganic particle layer further includes an organic binder.

The separator of claim 11, wherein the organic binder is included at 5 parts by weight or less with respect to a total
of 100 parts by weight of the first inorganic particles, the second inorganic particles, and the organic binder.

An electrochemical device comprising: a positive electrode, a negative electrode, the separator of any of claims 1
to 12, and an electrolyte.

The electrochemical device of claim 13, wherein the electrochemical device is a lithium secondary battery.

A method of manufacturing a separator, the method comprising:
coating one or both surfaces of a porous substrate with a dispersion including first inorganic particles and second
inorganic particles; and
drying the coated porous substrate to form an inorganic particle layer,

wherein the first inorganic particles have a fluorescence retention rate represented by the following Equation 1
of 85% or more:

[Equation 1]

Fluorescence retention rate (%) = L1oo/Iox 100
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wherein |y is a maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a
solution obtained by diluting an upper 10 vol% of aliquot of an aqueous slurry including 5 wt% of the firstinorganic
particles by a dilution factor of 500 is irradiated with an incident light having a wavelength in the range of 300
nm to 350 nm, and

l100 is @ maximum fluorescence intensity in the range of 600 nm to 750 nm which is detected when a solution
obtained by allowing the slurry to stand for 100 hours and then diluting an upper 10 vol% of aliquot of the slurry
by a dilution factor of 500 is irradiated with an incident light having a wavelength of 300 nm to 350 nm.
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